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Infrared (IR) thermal imaging (Tl) has a rela- 
t-My long history, with the first demonstra- 
tion of the existence of infrared radiation in 
1800 by William Herschel. Since that time the 
use of IR radiation for imaging has been most 
strongly connected with the miliiry market 
and its need for night vision, from the first 
demonstration of infra-red photon detection 
during World War I, to the development of 
mercury cadmium telluride material at 
Malvem in the 1960s and the first staring 
arrays in the 1980s. Thermal imaging cameras 
have been shown to give a key military advan- 
tage, and it believed that all military cam- 
paigns waged in darkness by Western forces 
using thermal imaging have been successful. 
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As thermal imaging has become available to 
more armed forces, and with the advent of 
longer-range weapons and more complex battle- 
field scenarios, the pressing need in Western 
forces has been for increasing performance to 
retain a lead in detection and identification 
ranges. 
In addition, increasing commercial application 
for TI has led to a complementary need for 
lower cost devices.TI has been used very suc- 
cessfully for detecting fire/earthquake victims 
inside buildings, and for intruder detection in 
security, with increasing sophistication and 
reduced false positives now possible in this 
field using low cost imaging sensors. 
QinetiQ (under its previous names of RRE, 
RSRE, DRA and DER4) has long been involved 
in the development of thermal imaging detec- 
tors and cameras, with the UK common module 
SPRITE detector (an &element photoconductive 
device), the low cost pyroelectric vidicon (a 
pyroelectric device addressed with an electron 
beam) and the high performance STAIRS C cam- 
era (a scanned 1D array of photovoltaic ele- 
ments) all being based on QinetiQ technology. 
The SPRITE was taken into production by BAE 
Systems, and the vidicon by Em, with marked 
success in their fields in each case.In each case, 
these devices have showed marked success in 
their fields, with the STAIRS C currently being 
developed by Thales using a detector from BAE 
Systems. 
The third generation of infrared thermal imaging 
calls for large 2D ‘staring’ detector arrays with 
very high sensitivity, smart focal plane process- 
ing and multiband operation to increase detec- 
tion and identification ranges markedly. In addi- 
tion, lower initial and through-life cost is being 
called for, leading to a demand for lower cost 
arrays and higher operating temperatures (to 
allow the use of cheaper and more reliable cool- 
ers). QinetiQ is advancing this technology using 
its expertise in epitaxial materials growth and 
compound semiconductor device technology, 
and state-of-the-art silicon readout circuit design, 
to produce thermal imaging arrays with world- 
beating performance. 
lndium antimonide 
QinetiQ is pursuing two parallel and comple- 
mentary technologies for high performance 
infrared detection. Indium antimonide (InSb) 
devices, grown by MBE onto 3” InSb substrates, 
allow very large and highly uniform medium 
wave (3-5 pm) arrays to be built with a very high 
operability (the number of working elements in 
an array). Mercury cadmium telluride (MCT) 
meanwhile allows access to the long (B-12 urn) 
and short wavelength (1.5-2.5 nm) bands and 
also allows much higher operating temperatures. 
MCT is currently grown on 2” GaAs and small 
CZT substrates by MOCVD, but a 4” process is 
currently being developed for larger more uni- 
form arrays. 
QinetiQ has developed the first mid-infrared 
focal plane arrays based on InSb grown by 
molecular beam epitaxy (MBE).The epitaxial 
device structure allows arrays to be fabricated on 
IR transparent n+-type InSb substrates.These use 
the Moss-Burstein shift that occurs in degenerate- 
ly doped semiconductors, which effectively 
reduces the cut-off wavelength for absorption. 
In InSb this effect is very marked, allowing a use- 
ful range of wavelengths to be transmitted by the 
substrate, but very strongly absorbed by the low- 
doped detection region.This greatly reduces the 
requirement for substrate thinning compared 
with that in conventional implanted devices, 
leading to more robust and lower cost arrays.The 
detector diode is a fully-doped p+-n-n+ struc- 
ture, with the detection region surrounded by 
highly doped contact regions to reduce contact 
leakage currents, allowing superior diode 
performance. 
1024x768 arrays 
&ray sizes up to 1024x768 have been demon- 
strated with a state-of-the-art noise equivalent 
temperature difference (NETD - a measurement 
of the minimum temperature difference in the 
scene that can be detected) of around 10 mK at 
77 K with operability in excess of 99.8%. 
256x256 and 320x256 (halfTV) array sizes are 
also available with a 640x512 (full-TV) array also 
in development. 
QinetiQ InSb/lnAlSb heterostructure technology 
can also be applied to infrared devices to raise 
the operating temperature of detector arrays sig- 
nificantly above the standard 77 K.The addition 
of a conduction band barrier onto the p+ side of 
the detector diode has already led to the demon- 
stration of arrays that operate satisfactorily to 
about 120 K.This is expected to be increased 
further by using an Al-containing alloy in the 
active region to widen the bandgap, and shorten 
the cut-off wavelength. The eventual aim is for 
arrays working at about 16o-190 K, allowing ther- 
moelectric cooling. 
Thermal image from 1024x768 InSb MW camera 
MCT arrays are aimed towards large area long 
wave operation, with full TV and larger arrays in 
development, and towards higher operating 
temperatures (HOT) in both MW and LW 
devices. QinetiQ’s patented HOT techniques, 
using sophisticated 5- and 7-layer devices, have 
led to the demonstration of a 128x128 MW 
array operating at 220 K, allowing operation 
with only thermoelectric cooling, offering very 
fast cooldown times, low power consumption 
and low support and maintenance costs. 
QinetiQ is also developing MCT arrays for 
short waveband operation, using avalanche 
photodiodes to achieve very low noise amplifi- 
cation of the signal in the sensing element. 
Novel gated readout circuits can also be used, 
which offer a key advantage for burst-illuminat- 
ed SW imaging. 
QinetiQ’s advanced focal plane array designs also 
include ‘smart’ readout integrated circuits 
(ROICs).These provide sophisticated signal 
processing on the focal plane by the use of 
highly novel high-density, low-power Si B&CMOS 
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Si readout IC for 7 024x768 InSb detector array 
analogue circuits at each pixel that are specially 
designed to operate at the temperature of the 
focal plane. Several examples of these circuits 
have been demonstrated.The adaptive pixel cir- 
cuit is able to subtract background photocurrent 
from the total signal current.This allows longer 
signal integration times to be achieved resulting 
in an improvement in signal to noise ratio of a 
factor of three. 
Retinal arrays that mimic functions found in the 
human eye have also been designed.These ROICs 
have controllable electrical signal paths between 
each pixel, which allow the IR image to be spatial- 
ly processed on the focal plane of an imager.This 
spatial processing can, for example, be used to 
reject low spatial fnzquency dazzling radiation. 
Large area ROICs have also been designed 
using reticle stitching technology. The ROIC 
Microscope image of the corner of an /nSb 20 
detector array 
for the 1024x768 InSb array has novel random 
access multiplexers that allow subsets of the 
pixel matrix to be addressed at high frame 
rates. 
Negative luminescence 
QinetiQ has also pioneered the use of 
proprietary negative luminescent sources in 
thermal imaging systems. Negative lumines- 
cence allows the fabrication of diodes which 
over a certain wavelength range can be made 
to emit both more and less light than when 
un-biassed. This means that such an element 
can be made to look hotter or colder than 
ambient temperature when viewed through a 
thermal imager.This has three main applica- 
tions: dynamic scene simulators can be made 
with apparent scene temperatures below ambi- 
ent, and the elements can be used in thermal 
imagers for active uniformity correction and 
uncooled ‘cold shielding’. 
Active uniformity correction allows multiple 
correction temperatures above and below the 
scene temperature, with fast reset response, 
providing a simple means of improving the 
imager’s performance. Negative luminescence 
elements can also be used to reduce the radia- 
tion falling on a detector, which is usually done 
by providing cooled metal surrounds. Negative 
luminescent shielding allows this to be done 
with greatly reduced cooling load, even in a 
conventional imager, providing an advantage in 
size, weight and power consumption, and 
also adds the ability to cold shield focal 
plane arrays that are uncooled or only partially 
cooled. 
In parallel with the high performance photon 
detector-based arrays, QinetiQ has also devel- 
oped ferroelectric thermal detectors, which 
operate at room temperature.These devices have 
been demonstrated for medium area military 
app1ications.A very low cost FunTI camera is 
currently under development for automotive and 
secutity applications. 
QinetiQ’s long history of research and 
development with the UK government has 
placed it in a very strong position in high 
performance infrared thermal imaging 
technology.The challenge for the future is to 
commercialise this technology with industrial 
partners, while continuing to be at the cutting 
edge in thermal imaging materials, device and 
system technology. 
